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Hidehisa Koba* : A contribution to the taxonomy 
of Poa nipponica and related species (Poaceae) 

(4 *W> 

Poa nipponica and related species are small to medium sized annual or 
short-lived perennial grasses. They are ubiquitous around human habitations 
in Japan except for Hokkaido. Species in this group commonly possess hairy 
keels in palea, and belong to the Section Ochlopoa. 

Ohwi (1941) recognized the following five species in this species aggregate 
in Japan: Poa nipponica Koidz., P. acroleuca Steud., P. hisauchii Honda, P. 
annua L., P. crassinervis Honda. This treatment has generally been adopted 
since then (e.g. Koyama 1964, Tateoka 1985). Of the five species, P. annua 
has world-wide distribution, P. crassinervis is endemic to south-western Japan 
(Tateoka 1987), and the remaining three species are eastern Asiatic in range 
(Ohwi 1941, 1975). Ordinary forms of these five species each have distinctive 
morphological features, and it is not difficult to distinguish one from another. 
The “ordinary form” here used means the individuals that well coincide with 
descriptions and figures for respective species given by Ohwi (1975) and Makino 
(1961). However, there are a considerable number of variants which have in¬ 
termediate morphological characters and are more difficult to identify. Ohwi 
(1941) noted that hybridization of various species combinations would be related 
to the occurrence of such variants. 

Since Ohwi’s (1941) publication, no noticeable taxonomic study of this group 
has been carried out except for the work of Tateoka (1987), who clarified the 
taxonomic status of Poa crassinervis. Boundaries between P. nipponica, P. 
acroleuca and P. hisauchii, as well as the extents of hybridization among them, 
still remain obscure and should be the subject of futher taxonomic enquiry (cf. 
Tateoka 1985). Studies should also be made of whether P. nipponica is an 
independent taxon, because it was sometimes stated that P. nipponica itself 
might be a hybrid between P. acroleuca and P. annua (Ohwi 1982). 

* Institute of Biological Sciences, University of Tsukuba, Tsukuba 305. 4^^. 
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Tateoka (1985) reported chromosome counts for plants of this group and 
reviewed earlier cytological reports for them, pointing out that plants referred 
to as Poa nipponica were hexaploid (2n=42) while the other four species were 
tetraploid (2n=28). Tateoka (1985) also noted that nuclear plates of P. nip¬ 
ponica, P. annua and P. crassinervis included small chromosomes which were 
not observed in P. acroleuca and P. hisauchii. No detailed karyotype analysis 
or observation of meiotic chromosomes of these five species in Japan have been 
made. The karyotype of P. annua occurring in England was studied in detail 
by Koshy (1968). 

The observations that Poa nipponica and related species are composed of 
tetraploids and hexaploids and that there would be interspecific differences in 
karyotype (Tateoka, 1985) are suggestive of the usefulness of chromosome 
features in dissolving the taxonomic ambiguity indicated above. In order to 
solidify the base of the study along this line, I have attempted to answer the 
following three questions using ordinay forms of P. nipponica, P. acroleuca, P. 
hisauchii and P. annua which grow in Tsukuba City and its vicinities in Ibaraki 
Pref. (1) Does P. nipponica exist as an independent taxon ? (2) Are there 

clear differences in karyotype among ordinary forms of the four species ? (3) 

If some interspecific karyotypical differences exist, how significant are the differ¬ 
ences taxonomically ? 

Material and methods Plants were collected at several localities, shown in 
Tab. 1. 

Mitotic chromosomes were observed in root tip meristematic cells. Plants 
were grown in a water culture regime to obtain actively growing root tips. 

The elongated roots were cut at a point 2 cm from the tip (pieces 2 cm long 

gave the best result). The root tips, together with other parts of the root 
pieces, were pretreated for 2 hr at 20°C in 0.02 % colchicine and fixed in a 
mixture of ethanol 3: glacial acetic acid 1 at 5°C for 1 hr. After being kept 
in the same 3:1 solution at room temperature for 3 weeks, the root tips were 
stained with 1% aceto-orcein at 5°C for 2 days, and the solution containing the 
sample was gently heated to boil over an alcohol flame: the root tips were left 
in the solution for about 10 min before cutting into slices of about 0.5 mm thick. 
Slices were squashed on glass microscope slides in 45% acetic acid. Good 
metaphase plates were photographed. Chromosomes were measured from photo¬ 
graphic prints. 
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Tab. 1. 

Chromosome numbers of the plants examined. 

Species and locality 

No. of No. of g Specimens in 

colonies individuals n reference* 


Poa annua L. 


Tsukuba City, Amakubo 20 m alt. 

5 

5 

28 

3507,3510,3553,3705, 
3710 

Poa acroleuca Steud. 





Tsukuba City, Amakubo 20 m alt. 

4 

7 

28 

3531,3716,3734, 3735 

Tsukuba City, Takezono 20 m alt. 

1 

1 

28 

3709 

Niihari-gun, Niihari-mura 60 m alt. 

1 

1 

28 

3719 

Poa hisauchii Honda 





Makabe-gun, Makabe-cho, 
Yubukurotoge 150 m alt. 

1 

1 

28 

3633 

Do., Jousotoge 200 m alt. 

1 

1 

28 

3641 

Niihari-gun, Yasato-machi 180 m alt. 

1 

2 

28 

3614,3615 

DO., 140 m alt. 

1 

1 

28 

3639 

Poa nipponica Koidz. 





Nishiibaraki-gun, Iwama-cho, 
Nagasawa 190 m alt. 

1 

1 

42 

3585 

Tsukuba City, Amakubo 20 m alt. 

3 

4 

42 

3733,3711,3620 

Tsukuba City, Takezono 20 m alt. 

6 

9 

42 

3740,3706,3712,3736. 
3713,3738 


* Plants used for chromosome observations often died during water culture, and 
the voucher specimens could not be prepared. Instead, “specimens in refer¬ 
ence” were prepared from the field plant which had a similar appearance and 
was growing in close proximity to the plant used for water culture. These 
specimens are deposited in the herbarium of TNS (National Science Museum). 
The collection numbers are the author's. 


For observation of meiosis, anthers taken from florets before the ear opened 
were stained in 2% aceto-carmine at 5°C for 1 day. 

For pollen observations, mature but undehisced anthers were used. The 
grains were stained for 1 day with lactophenol-cottonblue. 

Results Chromosome numbers of the plants collected from the field are 
shown in Table 1. The number 2n=42 was found in Poa nipponica, and 2n=28' 
in the other three species in agreement with Tateoka’s (1985) report. 
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Fig. 1. Meiotic chromosomes at metaphase I in PMC of Poa nipponica. 
Bar indicates 5 fim. 


The self-perpetuating nature of Poa nipponica was strongly suggested during 
my field observations. Populations of P. nipponica which were developed at 
sites lacking both P. acroleuca and P. annua were sometimes encountered, for 
example in various locations on the sides of Mt. Tsukuba. Plants of P. nipponica 
cultivated in the experimental garden set a lot of seed without exception. 
Chromosome observations confirmed that the seedlings yielded from the seed had 
2n=42 like the parental plants. Observations of meiotic divisions of P. nipponica 
showed that it has regular meiosis. None of univalents, chromosome bridges or 
lagging chromosomes were seen (Fig. 1). High pollen stainability was also found 
in P. nipponica. 

Somatic nuclear plates of the four species examined are shown in Figs. 2, 
and the chromosomes are serially arranged in Fig. 3. In Poa annua (Fig. 2-A), 
two pairs of chromosomes were distinctly longer than the rest, and a secondary 
constriction was occasionally found in chromosomes of the third pair. Chro¬ 
mosomes of P. acroleuca (Fig. 2-B) and P. hisauchii (Fig. 2-C) varied more 
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Fig. 2. Somatic chromosomes at metaphase in root tip cells. A. Poa annua , B. P. acroleuca , 

C. P. hisauchii, D. P. nipponica. Bar indicates 5 /im. 

gradually in length. In P. nipponica (Fig. 2-D), the chromosomes varied con¬ 
siderably in size. All chromosomes of the four species were metacentric or 
sub-metacentric. 

In order to get clear pictures of the karyotype differences between the four 
species, the following two indices were calculated for chromosomes of every 
metaphase plate examined: length ratio of the two longest chromosomes to the 
two shortest chromosomes (abbreviated to LR), and a coefficient of variability 
as regards the length of a set of chromosomes (abbreviated to CV). Both LR 
and CV were shmewhat variable according to metaphase plates even among 
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Fig. 3. Serial arrangement of the metaphase chromosomes in root tip cells. A. Poa annua , 

B. P. acroleuca , C. P . hisauchii , D. P. nipponica. Bar indicates 3 fjtvcv. 

those of the same individual (this variation seemed to have been caused by 
some artificial factors related to the measurements), and the LRs and CVs ob¬ 
tained in each species were expressed as their ranges, standard errors and means. 
The figures obtained are indicated in Tab. 2. It may be clear from this table 
that the four species can be grouped as follows: (1) Poa annua which has the 

largest values of LR and CV, (2) P. acroleuca and P. hisauchii with the smallest 
LRs and CVs, (3) P. nipponica which is intermediate between the above two 
classes in LR and CV. Differences in LR and CV between these three groups 
were statistically significant (P<0.001, randomization test), while the differences 
between P. acroleuca and P. hisauchii were not significant (P>0.2 for LR, P> 
0.9 for CV). 

Discussion As described above, the ordinary form of Poa nipponica had 
regular meiosis, high pollen stainability, good seed set and selfreproductivity. 
These observations made in laboratory were in good accord with the assumptions 
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Tab. 2. Values of the two karyotypical indices* in the four 

species of Poa. 

Species 

No. of 

No. of 
metaphse 
plates 

LR 

CV 

individuals 

Range Mean S. E. 

Range Mean S. E. 

Poa annua L. 

5 

9 

3.0-3.7 3.3 . 083 

.35-.45 .39 .0093 

Poa acroleuca Steud. 

9 

20 

1.6-2.1 1.8 .024 

.14-.19 .17 .0027 

Poa hisauchii Honda 

5 

17 

1.7-2.0 1.8 .029 

.14-.20 .17 .0041 

Poa nipponica Koidz. 

14 

22 

2.2-2.9 2.5 .036 

.20-. 27 .24 .0034 


* LR: Length ratio of the two longest chromosomes to the two shortest 
chromosomes. 

CV: Coefficient of variability of the length of a set of chromosomes. 


obtained from field observations of the populations of this form. It must be 
admitted, therefore, that the ordinary form of P. nipponica exists as a real 
taxon which perpetuates itself and is not an ephemeral being like an Fj plant. 
In other words, P. nipponica itself is a good species and is not a hybrid, al¬ 
though it seems highly probable that some interspecific hybridization coupled 
with polyploidization has given rise to P. nipponica. 

The karyotype analysis showed that plants of the four species examind are 
separated into three groups, two of which are tetraploid and one hexaploid. 
The results have the following taxonomic implications. First, since Poa acroleuca 
and P. hisauchii are quite similar in haryotype, chromosome features can not 
be expected to be helpful in clarifying the taxonomic ambiguity related to the 
boundary between these two species. Secondly, the results on the karyotype of 
P. annua here obtained on the basis of the Japanese material have coincided for 
the most part with those reparted from England by Koshy (1968), and the 
evident differences in karyotype between this species and the other two te- 
traploids, P. acroleuca and P. hisauchii, strongly suggest that karyotypical 
observations may be useful in cases where the hybridization between P. annua 
and either of the other two tetraploids should be subjected to analysis. 

Finally, it has been proved that chromosome features must be helpful in 
delimiting Poa nipponica. The Fi hybrids between hexaploid P. nipponica and 
the related tetraploid species must be pentaploids with 2n=35 and can easily be 
recognized as such by chromosome observations. Further, unless these species 
are unstable in chromosome size, it is possible by karyotype observations to 
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distinguish hexaploid P. nipponica from the 2n=42 plants which can be produced 
from the union of reduced and unreduced gametes of the tetraploid species. 
Table 3 shows six possible combinations of the tetraploid plants which can give 
rise to the 2n=42 plants of the latter nature, together with LR and CV values 
expected in respective combinations. When P. annua participates in the produc¬ 
tion of the 2n=24 plants, LRs of the resultant plants (3.3+«) must be larger 
than the LR of P. nipponica (2.5). In the case of 2n=42 plants raised from the 
union of reduced and unreduced gametes of P. acroleuca and/or P. hisauchii, 


Tab. 3. Estimated values of the two karyotypical indices* for the 
supposed 2n=42 plants which are assumed to have been derived 
from the union of reduced and unreduced gametes. 


Combination of parental tetraploid species 
giving a reduced and an unreduced gamete 

LR 

CV 

Poa annuax Poa annua 

3.3+a** 

0.39 

Poa annuax Poa acroleuca 

3. 3+<x 

0.17-0.39 

Poa annuax Poa hisauchii 

3. 3+a 

0.17-0.39 

Poa acroleucax Poa acroleuca 

1.8+a 

0.17 

Poa acroleucax Poa hisauchii 

1.8+or 

0.17 

Poa hisauchii x Poa hisauchii 

1.8+a 

0.17 


* LR: Length ratio of the two longest chromosomes to the two shortest 
chromosomes. CV: Coefficient of variability of the length of a set of 
chromosomes. 

** “+a” is necessary to LRs of the supposed 2n=42 plants because of 
the following fact. Measurements of chromosomes sizes are accom¬ 
panied by observational errors which occur in a certain range. The 
chromosome recognized to be the longest is the one which is accom¬ 
panied by the largest positive error among the chromosomes belonging 
to the largest group. As the number of chromosomes belonging to the 
largest group increase along with polyploidization, the possibility that 
a large positive error deviated from the standard attaches to such 
chromosomes increases concomitantly. Consequently, the length of the 
chromosome to be recognized as the longest tends to hold a larger 
value in the case of 2n=28+14 than in the case of 2n=28. Similarly, 
the length of the chromosome recognized as the shortest tends to show 
a smaller value in the 2n=42 plants. Thus, the LR as defined above 
may automatically become somewhat larger in the supposed 2n=42 
plants than in the original 2n=28 plants. 
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the expected CVs (0.17) must be smaller than the CV of P. nipponica (0.24). 

As stated earlier, there are many plants with morphological features in¬ 
termediate between ordinary forms of Poa nipponica and related species. The 
results of the present work show that the clarification of taxonomic status of 
such intermediate plants will be facilitated by the observation of their chro¬ 
mosome features. 

I express my thanks to Professor Mitsuo Chihara of the Institute of Biological 
Science, the University of Tsukuba, and Dr. Tuguo Tateoka of Department of 
Botany, the National Science Museum, who have continuously guided me during 
the couse of this work and read the manuscript carefully for the improvement 
thereof. I am indebted to the members of the Laboratory of Biology, Kanagawa 
University, who gave useful advice on the techniques for chromosome observa¬ 
tions. I also thank to Drs. Terumitsu Hori, Yoshiaki Hara, Isao Inouye and 
Yuichi Kadota for their generous advice and encouragement throughout the work. 
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